Abstract-Further study on the constituents of the fruits of Crescentia cujete afforded 16 iridoids and iridoid glucosides. The structures of eight new compounds, named crescentins I-V and crescentosides A, B and C, were determined by analysis of their spectral data. Another eight known compounds were identified as ajugol, 6-0-p-hydroxybenzoylajugol, aucubin, 6-0-p-hydroxybenzoyl-6-epiaucubin, agnuside, ningpogenin, 5,7-bisdeoxycynanchoside and a degradation product of glutinoside. 0 1997
INTRODUCTION
Crescentia cujete L. is widely distributed in South Asian countries. Naphtoquinones [l] and iridoid glycosides, aucubin, plumieride and asperuloside [2] , have already been reported as the constituents of the leaves of this plant. The fruits of this plant have been uqed as a Vietnamese folk medicine, as an expectorant, antitussive, laxative and for stomach disorders. We have already isolated eight n-alkyl glycosides, three aromatic conjugated glucoses and a lignan glycoside from the fruits [3] .
Further study on the constituents of the fruits afforded five new iridoids, named crescentins I (l), II (2). III (3) , IV (4) and V (13), and three new iridoid glucosides, named crescentosides A (12), B (14) and C (15), together with eight known iridoids and iridoid glucosides (5-11 and 16) . This paper deals with the identification and structural elucidation of these compounds.
RESULTS AND DISCUSSIONS
Chromatographic separation of the methanolic extract of the fruits of C. cujete afforded 16 compounds (l-16) as described in the Experimental section. Of these, seven compounds 511 were identified as aucubin (5) [4], 6-O-p-hydroxybenzoyl-6-epiaucubin (6) [5] , agnuside (7) [6], 5,7-bisdeoxycynanchoside (8) [7] , ajugol (9) [S], h-O-p-hydroxy-* Author to whom correspondence should be addressed.
benzoylajugol (10) [9], ningpogenin (11) [lo] . Compound 16 was identical to an artificial compound derived from glutinoside in the process of its structural determination [l 11, which has not been found in nature. The identification of these compounds was performed by analysis of their 'H and "C NMR data, and mass spectra and subsequent comparison of these observed physical characteristics with previously published data.
The "C NMR spectral data revealed that crescentin I (1) is consistent with a tetra-substituted double bond (6 133.7 and 141. (6 14.5) two methylene (6 33.2 and 45.4), a hydroxymethyl (6 59.6), a methine (6 52.2) and a hydroxymethylene (6 74.5) groups. On methylation with diazomethane, compound 1 yielded a monomethyl ester which suggested the presence of a carboxyl group. The H-H COSY experiment showed the presence of a partial structure of C-3-C-7. Correlation of the remaining carbons, including the connectivity between the C-5 and C-9, and the C-7 and C-8, as well as the allocation of the carboxyl group, were corroborated by the HMBC measurement as shown in Fig. 1 . With respect to the stereochemistry, the NOE measurement ( Fig. 1 ) allowed the relative configuration assignments of C-5 and C-6, based on the observation of an NOE between the H-4a (6 1.52) and H-6 (S 3.91). However, the absolute configurations of these asymmetric carbons have not been determined. Based on the above results, the structure of crescentin I (1) was established as shown. The structures of the following compounds having the iridoid skeleton are also inscribed with tentative absolute configurations.
In the NMR spectra of crescentin II (2) the proton and carbon resonances corresponding to those of 1 were discernible, but lacked the methyl signal due to the C-10 (6, 14.5 and 6, 1.69) of 1, and instead had a hydroxymethyl signal (6, 60.9 and SH 4.07, 4.21) . Furthermore, its quasi molecular ion peak at m/z 201 in the negative FAB-mass spectrum was 16 masses higher than that of 1. Therefore, crescentin II (2) was assigned to be the C-10 hydroxylated congener of crescentin I (1) .
The NMR data disclosed that crescentin III (3) is a phenolic conjugated iridoid with p-hydroxybenzoic acid. Further detailed analysis of the data showed that compound 3 is a modification of 1, with CH, OH (6, 58.4 and 6, 4.57, 4.77) in place of the COOH on C-9. This part corresponds to eucommiol(3a) [ 121, but the absolute configurations of C-5 and C-6 are uncertain. The chemical shift of the H-6 (6 5.92), and the observation of a H-C long-range correlation between the H-6 and the carbonyl carbon in the HMBC experiment of 3 permitted the allocation of the acyl moiety on C-6. Therefore, the structure of crescentin III (3) was formulated as 6-U-(p-hydroxybenzoyl)-eucommiol.
The 'H and 13C NMR spectra of crescentin IV (4) showed signals due to a methyl, two methylene, two methine, two hydroxymethyl and a hydroxymethine groups. In addition to these groups, the presence of a tertiary hydroxyl group was confirmed by measurement of the IR spectrum of its acetate obtained by acetylation with acetic anhydrideepyridine at room temperature.
By the same analogy applied in the case of 1, crescentin IV (4) was characterized from the results of detailed and concerted application of H-H COSY, HMBC and NOE experiments (Fig. 1) .
The acid hydrolysis of crescentoside A (12) afforded D-glucose and an aglycone which was identified as compound 11 [lo] . On comparison of the 13NMR spectra of 11 and 12 the carbon signals due to C-8 and C-9 were shifted upfield (1.3 and 1.1 ppm) and C-10 was shifted downfield (8.2 ppm), while other signals remained almost unshifted. The glycosylation shifts suggested [13] that 12 is a glucoside of 11 with the linkage being at C-10. Accordingly, the structure of crescentoside A (12) was proposed to be ningpogenin-1 t&O-/?-D-glucopyranoside.
The 'C NMR spectrum of crescentin V (13) was very similar to that of 11 except for the signals due to a disubstituted double bond (6 142.0 and 105.6). This double bond can only be assigned for C-3 and C-4 in the skeleton. Therefore, the structure of crescentin V (13) was defined as 3,4_dehydroningpogenin.
A comparison of the NMR spectral data of compound 13 with those of crescentoside B (14) as well as the result of the acid hydrolysis disclosed that 14 is a mono-/&D-glucopyranoside of 13. The glycosylation shifts were observed for the carbon signals due to C-8(-0.8ppm),C-9(-0.9ppm)andC10(+8.4ppm) of compound 14. On the basis of these results, crescentoside B (14) was concluded to be 3,4-dehydroningpogenin-lo-O-P_D-glucopyranoside.
Acid hydrolysis of crescentoside C (15) yielded Dglucose. Detailed analyses of the NMR data showed that 15 is an analogous compound of 16 [ 111, in which the epoxy group [6,60.8 (C-6), 59.1 (C-7) and & 3.46 (H-6), 3.55 (H-7)] was replaced by a disubstituted double bond [6, 138.2 (C-6), 132.1 (C-7) and 6, 6.05 (C-6), 5.49 (C-7)]. In order to obtain more information regarding this presupposed structure, the HMBC and NOE experiments were performed and are illustrated in Fig. 1 . These experiments agreed with the structure given.
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